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Exploration of HPAL Process Conditions and Analysis of
Particle Behavior at High Temperatures
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Abstract; With nickel laterite ore from Morowali of Indonesia as the raw material, effects of various factors, including
reaction time and temperature, stirring speed, acid-to-ore ratio, and slurry concentration, on the leaching rate were
systematically investigated. Additionally, the leaching mechanism was explored by using the PHREEQC, a
thermodynamic calculation software. The results show that after one hour reaction at 250 °C, with acid-to-ore ratio of
300 kg/t and slurry concentration of 25%, the leaching rates of Ni and Co can reach 98.40% and 99.90%,
respectively, while the leaching rates of Fe and Al are just 3.84% and 40.25% , respectively. The high selectivity of high
pressure acid leaching (HPAL) is attributed by the factor that at high temperatures, not only the hydrolysis reaction of
Fe and Al can be promoted, but also the pOH can be decreased from 14 to 10, which thereby inhibits leaching of Fe and
Al. As the temperature rises to above 200 °C, the number of H" increases, which can ensure a sufficient amount of H*
for leaching of nickel and cobalt metals.
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Table 1

Chemical composition of raw material %

Ni Co Mn Fe Mg Al Cr Si

1.15 0.08 0.59 41.11 2.19 4.40 1.00 8.15

1.2 SLIei% & Rk FH
SRS B /N i 48 SHZ-D (1) 9 6 K =X
H2S 4L 725 ICP-OES Y o RS A 45 B F IR & e i
ASC A AR TR SR T MR A A S80I O 98 % W A 1R
(orpral) .
1.3 SKIGJHEIE
MR AULT TR 2 & 8 A A, AR R 2 i
5T, 6 o R I e A v R L s Ry
2FeOOH + 3H,S0, ==TFe,(S0,), + 4H,0 (1)
FeO + H,80, ==FeSO, + H,0 (2)
Fe,0, + 3H,80, ==Fe,(S0,), + 3H,0 (3)
Fe,(S0,), + 3H,0 =——=Fe,0, | + 3H,S0, (4)
Fe,(S0,), + 2H,0 ==2Fe(OH)S0, | + H,S0, (5)
3Fe,(S0,), + 14H,0 =
2(H,0)Fe,(SO,),(OH), | + 5H,S0, (6)
4FeSO, + 0, + 2H,S0, == 2Fe,(S0,), + 2H,0 (7)
AL, - 3H,0 + 3H,S0, == Al,(S0,), + 6H,0 (8)
3AL(S0,), + 14H,0 —
2(H,0)Al,(S0,),(0OH), | +5H,80, (9)
CoO + H,S0, == C0S0, + H,0 (10)
NiO + H,S0, ==NiS0, + H,0 (11)
MnO, + 2FeSO, + 2H,SO, —
MnSO, + Fe,(S0,), + 2H,0  (12)
Co,0, + 2FeSO, + 3H,80, —
2C0S0, + Fe,(S0,), + 3H,0  (13)
Mg,Si,0,(OH), + 6H" =—
3Mg* + 2Si0, + 5H,0  (14)
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Fig.1 Effect of reaction time on leaching rates
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Fig.2 Effect of slurry concentration on leaching rates
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Fig.3 Effect of stirring speed on leaching rates
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Fig.4 Effect of acid-to-ore ratio on leaching rates
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Fig.5 Effect of temperature on leaching rates
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Fig.6 Effect of temperature on lgK

in precipitation reactions of Fe and Al
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Fig.7 Variation of particle properties in aqueous phase

with temperature
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